Feedback-based control of RHIC

Al Marusic

RHIC Retreat, July 20, 2011



| ntroduction

This run was quite different in certain ways from previous runs, this talk is
about those differences, mostly feedback related, but not just feedback.

For this run we wanted to have RMS of the orbit in the arcs for every ramp
lower than 0.3 mm. That implied that orbit feedback would have to be used
on every ramp. Orbit feedback was developed in Run 10, tried on few ramps
and at injection and store, therefore that goal seemed achievable. Also it
seemed that we would have to use tune/coupling feedback on every energy
ramp because we wanted vertical tune of 0.675 on the ramp (that is 0.008
away from 2/3 resonance). In the beginning of the run my assumption was
that we would just do more of what we did before, i.e. more of orbit and T/C
feedback. We ended up with much more far-reaching changes.
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Figure 1: The blue orbit on the ramp after the first feed-forward of feedback corrections.



File Window Markers

Analysis

1.3

fellow Arc BPM Orbit Statistics

1,21
1.1
1,01
0,91
0.5
0.7
0.5
0.5
o.ﬁW \VJ
0.3:
0,21

0,14

N I
A

il Y

N Y

100 200
Time since associated ev-accramp (first) event (sec)

Hmean:14824
EY—ACCranp

mean: 14824
ev—stone

Hrms 314524
ew—flattop

Vst 14524
ev—endramnp

300

Figure 2: The yellow orbit on the ramp dfter the first feed-forward of feedback corrections.




File Window Markers

Analysis

1.6

Blue Arc BPM Orbit Statistics

1.44

1,21

—a—  ‘fmean:10483
—&—  Hrms:l0436
—&—  Yrms:10430

-1.0 }
0 100 200 300
Time since associated ev-accramp (first) event (sec)
—a—  Xmean:l0483 —&—  ¥mean:l0426 —5—  ¥mean:10490 —a—  ¥mean:l0432 —a—  Xmean:10493 Kmean: 10434
—#—  Ymean:10486 —a— ‘fmean:10490 mean: 10432 —a—  ‘Ymean:10493 —a—  ‘mean:10494 Krmz310483
—&—  Krms:104930 —8—  Hrms:l0492 —&—  ¥rms:10433 —&—  Krms:10434 —a—  Yrms:l0483 Yrmz3 10486
rms 110432 frmz 10433 —a— frmzi10434 — ev-accranp —  ew-ztone ew—flattop

Figure 3: A weekend of blue orbits of ramp pp93 (ramp from which pp11 ramps were developed).
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Figure 4: A weekend of yellow orbits of ramp pp93 (ramp from which pp11 ramps were developed).
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Figure 5: A weekend of blue orbits of ramp rot93 (ramp from which pp11rot ramps were developed).
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Figure 6: A weekend of yellow orbits of ramp rot93 (ramp from which pp11rot ramps were developed).
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Figure 7: A weekend of blue orbits of ramp pp11v10.
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Figure 8: A weekend of yellow orbits of ramp pp11v10.



File Window Markers

Analysis

0.4

Blue Arc BPM Orbit Statistics

0,31

0,21

0,14

0,04

Hmean: 10380
H¥mean: 15390
‘fmean; 15381
‘mean: 15392
Hrmz 15383
Hrmz 15393
Wrmz 15384
frms 15394

100

200 300 400
Time zince associated ew-accramp (last) event (sec)

o

Hmean:15331 Hmean: 10333 e
Hmean ;15392 = Hmean:15393

‘mean; 15383 m—— Y{mean;15334 —
‘mean:15393 — Ymean:15334 —_—
¥rmz:15384 —  Hrms:l5336 —_—
¥rmz:15354 — Yrmgz1l5330 _—
rmz:15386 — Yrmz315390) _—

ev—accranp 15380 ev-ztone 15380

SO0

Hmean:15384
Hmean:15394
‘mean: 15386
Hrmz 15380
¥rmz:15330
Yrmz:15381
Yrmz:15332
ev—endranp 15380

GO0

Hmean: 10336
‘mean: 15330
‘mean: 15330
Hrmg3lh3al
Hrmz$15392
Wrmz$15383
Yrmz315333
ev—lumi: 15380

Figure 9: A weekend of blue orbits of ramp pp11rot5.
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Figure 10: A weekend of yellow orbits of ramp pp1l1rot5.




Figures 1 and 2 show the blue and yellow orbits on the ramps after the first
feed-forward of feedback corrections. Compare that with a weekend of orbits
of ramp pp93 (ramp from which ppll ramps were developed) (Figures 3 &
4). Notice different plot ranges. Figures 5 & 6 show a weekend of orbits of
ramp rot93 (ramp from which ppllrot ramps were developed). Figures 7 & 8
show aweekend of blue and yellow orbits of ramp ppllvl10, and Figures 9 &
10 show a weekend of orbits of ramp ppllrot5. Notice that orbits with orbit
feedback exhibit much less variability.

The problemswith orbit feedback

There were two problems with this simple plan. The first problem was that,
after adjusting strengths of main dipoles and zeroing strengths of RF
correctors, the achieved Xmean was not good enough and it changed from
ramp to ramp.
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Figure 11: Xmean of the orbits with zero and non-zero sum of horizontal correctors' strengths and sum of horizontal correctors' strengths.




Figure 11 shows Xmean of the orbits with non-zero and zero sum of
horizontal correctors strengths and the sum of horizontal correctors
strengths. Notice that the kinks in the sum match the kinks in the orbit with
non-zero sum.

Making orbit better required two changes:

— The sum of horizontal correctors' strengths has to be zeroed using
RhicOrbitDisplay and the algorithm used by the orbit feedback had to be
modified so that the sum of corrections generated by orbit feedback is
aways zero. That modification also solved the problem of drifting Xmean
during orbit feedback at injection. Existing SVD agorithm for correcting
orbit was designed not to correct dispersive orbit (it achieves that by adding
scaled dispersion to the orbit to be corrected in such a way that Xmean of
resulting orbit is 0), but that does not insure that the sum of correction
strengthsis 0.

— Xmean feedback had to be developed and used.



The final modifications to the orbit were: careful selection of step-stones to
anchor dipole correctors strengths, adjusting RF frequency at store to zero
Xmean of yellow beam, and including RF correctors into orbit feedback.

The second problem was that in the beginning of the run we did not have a
way (or knew a way) to ramp into orbit with collisions. The solution was
replacing beam positions a IP6 and IP8 (or any other location) in design
orbit with measured positions and then ramping into that orbit between the
second to last and the last stone. This method was subsequently used to
periodically correct orbit at store.

The implementation of this change was the turning point in the control of the
tune and orbit in RHIC: after this, any changes of tune and orbit settings on
the ramp have no effect any longer (because feedbacks will enforce their goal
values).



The problemswith the second ramp

In addition to the above mentioned problems with orbit feedback, we
struggled with two problems related to using two ramps to ramp the beam to
store.

The first problem was that tape sequences used to switch between energy
and store ramps were not tested / made to work beforehand. At the time of
dry run it was not clear we would run with 2 back-to-back ramps (instead of
one very long one) and | performed no tests. Luckily, at the time in the run
when we needed these sequences, one very important development was
taking place, and that was the development, by Greg and others, of
seguences which obtain data from RampStorageServer.

The second problem was that | was unprepared for using feedbacks during
store ramp. After using temporary solution of not stopping feedbacks
between ramps, T/C and orbit feedbacks were modified to allow restarting /
pausing. That allowed inclusion of an option into Rhiclnjection to correct



orbit feedback at injection using orbit feedback and made the use of T/C
feedback for other purposes besides ramping much easier.

We came out of these troubles with much better system. Take deceleration
ramp for example: it was made up of 3 ramps. ramp to 100 GeV, ramp from
100 to 250 GeV and ramp from 250 to 100 GeV. It took 6 ramps to
successfully decelerate the beam (ramps falled mostly due to chromaticity
feedback and sextupoles related problems and one due to tape not turning on
chromaticity feedback). These ramps were amost completely controlled by
tape sequences developed by lan.

Gold run

It appeared we started good, but orbit feedback used wrong algorithm, bad
BPMs were not excluded from the beginning, so work on orbit had to
proceed while beam was being delivered to experiments (starting with RMS
of 3 mm). Re-using previoudy used ramp meant that dipole correctors



strengths had to be flattened manually. Even after adding the ability to pause
feedback during specified period of the ramp, feed-forward made orbit worse
(requiring manual correction). The solution for that problem was adding of
two shadow step-stones (one before and one after transition). Unfortunately,
due to the limitation of RampManager / OptiCalc, there was no way to
correct orbit at transition. After the run, RampManager was modified to
allow obtaining ramp data at arbitrary times.

Figures 12 and 13 show one weekend of blue and yellow orbits of Aul04
ramp. Figures 14 and 15 show blue and ye low orbits of Aul04 ramp during
previous weekend. Notice that orbits during previous weekend are much
better. Figures 16 and 17 show one weekend of blue and yellow orbits of
Aullvl ramp. Figures 18 and 19 show blue and yelow orbits around
transition during the same weekend. Figure 20 shows eight days of orbits of
Aullvl ramp during which orbit corrections were not feed-forwarded. These
pictures demonstrate that orbit feedback brings stability.
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Figure 12: A weekend of blue orbits of Au104 ramp.
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Figure 13: A weekend of yellow orbits of Aul04 ramp.
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Figure 14: Blue orbits of Aul04 ramp during previous weekend.
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Figure 15: Yellow orbits of Aul04 ramp during previous weekend.
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Figure 16: A weekend of blue orbits of Aullvl ramp.
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Figure 17: A weekend of yellow orbits of Aullvl ramp.
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Figure 18: Blue orbits around transition during the same weekend as in Figure 16.
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Figure 19: Yellow orbits around transition during the same weekend as in Figure 17.
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Figure 20: Eight days of orbits of Aullvl ramp.



Distribution of tune corrections can be used as an indication that achieved
orbits are the same from ramp to ramp. Figure 21 shows distribution of tune
corrections during normal running conditions. Figure 22 shows distribution
of tune corrections during problems with BPMs.

Various accidents (such as ramping with beam in blue while yellow dipoleis
not ramping, ramping with yellow dipole not on hysteresis, ramps during
which tq PS tripped, ramp while one half of H-jet magnet tripped) showed
the abilities of orbit and T/C feedbacks. Figure 23 shows corrections
strengths of th2/th3 correctors in blue when yellow dipole did not ramp.
Figure 24 shows distribution of tune corrections in blue when yellow dipole
did not ramp (it also shows the tune distribution during normal running
conditions for comparison). Figure 25 shows distribution of tune corrections
In yellow when yellow dipole was not on hysteresis.
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Figure 21:

Distribution of tune corrections during normal running conditions.
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Figure 22:

Distribution of tune corrections during problems with BPMs.
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Figure 23:

Corrections strengths of th2/th3 correctors in blue when yellow dipole did not ramp.
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Figure 24: Distribution of tune corrections in blue when yellow dipole did not ramp (and tune distribution during normal running conditions

for comparison).
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Figure 25: Distribution of tune corrections in yellow when yellow dipole was not on hysteresis (and tune distribution during normal running

conditions for comparison).



Yellow dipole feedback

The performance of yelow dipole feedback was quite different in Run 11 in
comparison with Run 10. That could be due to Xmean feedback keeping
Xmean of blue beam zero. Figures 26 and 27 show yellow dipole correction
for Aul04 ramp and Aullvl ramp, respectively. Notice that corrections for
Aul04 ramp are much larger than corrections for Aullvl ramp. Also the
ramp transmission efficiency of yellow beam was, as a rule, lower than
transmission efficiency of blue beam.
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Figure 26:

Yellow dipole correction for Aul04 ramp.
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Figure 27: Yellow dipole correction for Aullvl ramp.




Chromaticity feedback

It is good to have chromaticity feedback, but to ensure that it works, the rate
limit handling in WFGs has to change: when a faster than allowed setpoint
change is attempted, ramping should not stop, it should continue with
maximum allowed rate.

Thingsto do

— Easy way to gpecify and view goal orbits will be added to
RhicOrbitDisplay. Also the method to view modified captured orbits and
select them for goal orbit at store will be added.

— wfgman has to be sped-up. See Figure 28 for improvements in last few
days of the run.



— BPM / orbit managers should monitor positions reported by BPMs and
alarm on unexpected changes.

— Reduce CPU load on BPM FECs, remove loggers, lisas.
— Fix RampManager / OptiCalc (even if Guillaume fails).
—  Protect network, networking code.
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Figure 28: Durations of wfgman's commands.



